The study was conducted to analyze the physico-chemical properties of various levels of brick kiln dust in soil application (0, 5, 10, 15, 20, 25, 30, 40 and 50%), before planting and after harvesting of potato (Solanum tuberosum) crop and to observe their impact on various parameters of potato plant. The pH, EC, CEC, WHC, pore space, sulphate, chloride, phosphorus, magnesium, zinc, manganese and boron increased at all the levels of brick kiln dust, while, nitrogen and potassium decreased at all the levels before planting of potato crop. After harvesting of potato crop all physico-chemical properties were still greater than control but less than pre-planting of potato, except P and Mg which decreased gradually upto 30%; and K as well as Mn upto 40%, and then they increased in subsequent levels. While N was recorded only in control and at 50% treatment. Application of brick kiln dust in soil from 5% to 40% was found beneficial for plant growth, yield, biomass, photosynthetic pigments, carbohydrate contents, and phosphorus and potassium concentrations of plants and the highest increase in above parameters was recorded at 25% level. At 50% level, there was marked reduction in all these parameters. However, nitrogen concentration of plants and protein content in tubers decreased gradually as levels of kiln dust were increased.
INTRODUCTION
In India, particulate air pollutants viz. fly ash, cement dust, brick kiln dust, coal dust, soil dust and textile dust are major problem. These particulate materials are the result of uncontrolled mechanization of industries. Brick is a common construction material widely used all over the country. Generally, brick making industries are established near the agricultural lands in rural areas. For firing the bricks, wood and coal are used as fuel. Large number of brick industries are running throughout the country. In Aligarh district, about 250 brick kilns are in operation. In one round, about 6,00,000 bricks are prepared. The consumption of coal and wood is about 12-18 t for preparing 100,000 bricks (Upadhyay 2004) . Complete combustion of fuel in brick kilns leads to the formation of fluoride, carbon dioxide, water molecules, oxides of nitrogen, sulphur dioxide, sulphur trioxide and large amount of brick kiln dust.
Particulates as brick kiln dust are dumped in pits or kept as stock piles. Particulate pollutants after moving far away from their source of origin fall and get deposited on the plant parts and soil surface. After settling and mixing with soil, they influence the growth and yield of crops (Heck et al. 1970) . The beneficial effects of fly ash on biomass and other plant growth parameters have been noticed in onion, potato and garlic (Khan et al. 2006) , soybean and maize (Mishra and Shukla, 1986) , mustard (Upadhyay et al. 2008) . Recently Rizvi and Khan (2009) observed improvement in plant growth and yield of eggplant when fly ash and brick kiln dust were applied to soil at 20% and 30% levels, respectively. The particulates actually change the physico-chemical properties of soil. Recently use of some particulates as a fertilizer has been advocated by some workers (Mishra and Shukla 1986 , Khan 1989 , Wong and Wong 1989 , Khan and Singh 1996 , Raghav and Khan 2002 . Therefore, potato was evaluated against different levels of brick kiln dust as soil application.
MATERIALS AND METHODS

Application of brick kiln dust with soil
For the experiment, brick kiln dust was obtained from the brick kiln situated at Manzoor Garhi, Aligarh. Soil was collected from agricultural fields up to 20 cm depth after scrapping of the surface litters present, if any. The soil was sandy loam. It was autoclaved before incorporation.
The brick kiln dust was mixed with soil in the following proportions. Control = 0 g brick kiln dust + 3000 g soil 5% = 150 g brick kiln dust + 2850 g soil 10% = 300 g brick kiln dust + 2700 g soil 15% = 450 g brick kiln dust + 2550 g soil 20% = 600 g brick kiln dust + 2400 g soil 25% = 750 g brick kiln dust + 2250 g soil 30% = 900 g brick kiln dust + 2100 g soil 40% = 1200 g brick kiln dust + 1800 g soil 50% = 1500 g brick kiln dust + 1500 g soil After proper mixing, clay pots of 30 cm height (25 cm diameter) closed at bottom were filled with 3 kg of each type of mixture. Each treatment was replicated five times. Total 45 pots including control set were prepared for the experiments (9 treatments × 5 replicates). Analysis of soil from each treatment was done before planting and after harvesting of potato following the standard methods. The physico-chemical parameters: water holding capacity (WHC), pore space, sulphate, chloride, magnesium, zinc, manganese and boron were determined by the standard methods (Gupta 2002) , nitrogen as described by Subbiah and Asija (1956) , phosphorus by Olsen et al. (1956) and 1200 h, and humidity in the green house was 67±5%. Pots were irrigated on alternate days with limited amount (200-250 ml) of tap water just to moist the soil and surface flow was avoided. Approximately 10-12 l of water per pot was used till the harvesting of plant. Plants were uprooted carefully after 90 days. Roots and potato tubers were thoroughly washed under tap water to avoid soil particles and debris. Plant growth and yield were determined. The photosynthetic pigments, NPK concentrations of plants, protein and carbohydrate contents of potato were estimated through standard methods presented by Mac Lachan and Zalik (1963), Gupta (2002) , Lowery et al. (1951) and Yih (1965) , respectively. Data were analyzed statistically for significance.
RESULTS
Physico-chemical properties of amended soils before planting
Data comprised in Table 2 show that there was a significant (p<0.05 and p<0.01) and gradual increase in pH, EC, CEC, WHC and pore space with increase in the level of brick kiln dust in soil. Five percent treatment, however, these were nonsignificant either at p<0.05 or p<0.01 level. Sulphate and chloride were increased significantly (p<0.05 and p<0.01) with the increase in the levels, except at 5% treatment, where these parameters were at par with control.
In NPK concentrations, N and K were decreased gradually and significantly with the increment in the levels, except at 5% level of brick kiln dust, where K was non-significant. However, P increased significantly as compared to control, except at 5 and 10% treatments (Table 2) .
Mg, Zn and B increased significantly (p<0.05 and p<0.01) with the increasing level of brick kiln dust, except Mg at 5% level and Zn from 5 to 15% treatments, where these parameters were similar to control. However, the increase in Mn was significant (Table 2) .
Physico-chemical properties of amended soils after harvesting
Data summarized in Table 3 shows that there was gradual and significant increment in pH, EC, CEC, WHC and pore space with the increase in brick kiln dust level, except EC, CEC and WHC which were non-significant (p<0.01) at 5% treatment. This table also shows that there was gradual and significant increase in sulphate and chloride contents in all the levels except at 5% treatment, where these were non-significant.
In NPK concentrations, N was recorded only in control (1.5 mg/kg) and at 50% level (3.5 mg/kg). However, P and K were first decreased significantly upto 25% level and then increased slowly in subsequent levels, except K at 5% treatment (Table 3) .
Similarly, Mg and Mn were also decreased gradually upto 25% level then increased gradually in subsequent levels. The increase were nonsignificant at 5, 10, 30 and 40% levels for Mg; and at 5 and 40% for Mn. However, Zn and B increased significantly at all the treatments when compared to control, except Zn which was nonsignificant at 5, 10 and 15% levels, while B at 5% level (Table 3) . Treatment ( 
Plant growth and yield
Data presented in Table 4 reveal that potato crop showed variable growth responses to different levels of brick kiln dust in soil. At 25% level treatment, plant growth in terms of length, fresh wt and dry wt of root and shoot was much better than other levels, however, a significant increase (p<0.05 and p<0.01) in growth parameters was observed from 10% to 30% levels of treatment. At 50% level, there were marked reductions in all these parameters. Highest increase in length, fresh wt and dry wt of shoot and root were recorded at 25% level.
The yield in terms of tuber fresh weight and tuber dry weight was also affected by soil application of brick kiln dust. The significant increase (p<0.05 and p<0.01) in these parameters was observed from 10 to 30% levels. Highest increase in tuber fresh weight and tuber dry weight was recorded at 25% level. At 50% level, these parameters decreased significantly. Similar result was also observed for biomass. Table 5 shows that photosynthetic pigments of leaves gradually increased with the increase in the levels of treatment. Significant increase in chlorophyll a, chlorophyll b, total chlorophyll and carotenoids was recorded from 10 to 30% levels, highest being at 25% level. At 50% level, there was marked reduction in chlorophyll b and total chlorophyll as compared to control.
Photosynthetic pigments and NPK
In NPK concentrations of plants, N was gradually decreased (p<0.05 and p<0.01) with respect to the increasing levels, however, at 5% level it was non-significant as compared to control. P and K were significantly increased (p<0.05 and p<0.01) from 10 to 30% levels, highest being at 25% level. At 50% level, these parameters were significantly reduced as compared to control (Table 5 ). Table 6 shows that soluble, insoluble and total protein were decreased gradually as the levels of brick kiln dust were increased. Highest reduction in these parameters was recorded in the range between 15 to 50% application. However, soluble, insoluble and total carbohydrate were increased significantly from 15 to 30% levels, highest being at 25% level. In rest of the treatments all these parameters were non-significant as compared to control. 
Protein and carbohydrate
DISCUSSION
Brick kiln dust is a second major particulate air pollutant after fly ash in India (Upadhyay 2004) . It contains mixture of ashes (coal + wood) and dust particles (soil + sand). The pH, EC, CEC, WHC and pore space were increased gradually with respect to brick kiln dust level in soil. Because the elements present in ashes enriched the soils, and dust particles increased the pore spaces, as dust contains mostly sand particles, which are used during the preparation of raw bricks and are detached during combustion. Upadhyay (2004) has also observed the similar results in these parameters of brick kiln dust. The increment in the elemental composition, due to the ashes of coal and wood has also been observed by Upadhyay (2004) and Upadhyay et al. (2008) .
After harvesting of S. tuberosum, all the physico-chemical properties of brick kiln dust amended soil were less in respective parameters as compared to before planting, except pH, sulphate, chloride and magnesium because their concentration were greater than before planting. The increment in these parameters was due to addition of water (irrigation), which contains all theses elements. Concentration of nitrogen was nil in all the levels of amended soil, except at 50% level and in control. The reductions in the concentrations of the elements were due to the absorption of these elements by potato. When concentrations of elements in the available form were calculated, it was observed that the sum of amount before planting and amount present in water were equal to the sum of amount after harvesting + amount taken up by plants. These results also collaborate with Upadhyay (2004) .
In the soil application of brick kiln dust, the length, fresh and dry weights of root and shoot, fresh and dry weights of tubers, plant biomass, photosynthetic pigments, P and K concentrations of plants and carbohydrate contents of potato tubers were increased upto 40% brick kiln dust levels, however, all parameters were highest at 25% level. While, Raghav and Khan (2002) observed that 15% level of brick kiln dust was best for tomato plant. Upadhyay (2004) reported that the growth of Brassica juncea and Linum usitatissimum were best at 45% level of brick kiln dust. These studies indicate that different plant species require the macro and micro nutrients at a particular limit, beyond that the elements become harmful. This may be due to their different genetic make-up. Addition of brick kiln dust increased the physico-chemical properties, which had favourable effect on plants. Elseewi et al. (1981) suggested that EC is positively correlated with pH that affects the concentration of soluble cations and anions, which are available to plants at certain level. The physical and chemical properties of brick kiln dust at 25% level were found best for increasing the plant growth, yield, photosynthetic pigments, biomass and carbohydrate contents of potato in the present study.
After 25% level, the above parameters declined gradually with respect to levels. This might be due to more absorption of elements, which acted, as phytotoxic in subsequent levels. Gradual decline in plant growth, yield and other parameters was also attributed probably to increased alkalinity and salinity, caused by higher levels of sulphate and chloride in amended soils. Possibly higher amount of Mn, Zn and B became phytotoxic to potato crop. Similar trends in reduction at higher levels have also been observed in B. juncea and L. usitatissimum by Upadhyay (2004) . Brick kiln dust also caused deficiency of nitrogen in soils. Deficiency of nitrogen at higher level of dust application might have adversely affected the protein content, because it is a component of protein synthesis (Devlin and Witham 2000) .
